Abstract The community structure of zooplankton was studied in a eutrophic, fishless Japanese pond. The ecosystem was dominated by a dinoflagellate, Ceratium hirundinella, two filter-feeding cladocerans, Daphnia rosea and Ceriodaphnia reticulata, and an invertebrate predator, the dipteran Chaoborus flavicans. The midsummer zooplankton community showed a large change in species composition (the Daphnia population crashed) when a heavy Ceratium bloom occurred. It is shown that (i) the rapid density decline of D.rosea in mid-May was mainly caused by a shortage of edible phytoplankton, which was facilitated by the rapid increase in Chirundinella abundance; (ii) the low density of D.rosea in June-July was considered to be mainly caused by the blooming of Ceratium hirundinella (which may inhibit the feeding process of D.rosea), while predation by Cflavicans larvae, the changing temperature, the interspecific competition and the scarcity of edible algae were not judged to be important; (iii) the high summer biomass of the planktonic Cflavicans larvae was maintained by the bloom of C.hirundinella, because >90% of the crop contents of Cflavicans larvae were Chirundinella during this period. The present study indicates that the large-sized cells or colonies of phytoplankton are not only inedible by most cladocerans, but the selective effect of the blooming of these algae can also influence the composition and dominance of the zooplankton community, especially for the filter-feeding Cladocera, in a similar way as the selective predation by planktivorous fish. The large-sized phytoplankton can also be an important alternative food for ominivorous invertebrate predators such as Chaoborus larvae, and thus may affect the interactions between these predators and their zooplanktonic prey. In this way, such phytoplankton may play a very important role in regulating the dynamics of the aquatic food web, and become a driving force in shaping the community structure of zooplankton.
Introduction
Cladocerans of the genus Daphnia often act as the main grazer in temperate freshwater ecosystems. A characteristic phenomenon of their seasonal population dynamics is a summer density decline, especially in eutrophic waters (George and Edwards, 1974; Threlkeld, 1979; De Bernardi et al., 1985; Taylor and Gerking, 1985; Jarvis, 1986) . A similar phenomenon has also been observed in mesotrophic lakes (e.g. Larsson et al., 1985) . Various factors have been proposed to induce such a summer decline in the Daphnia population. These can be classified into three groups: (i) rising water temperature; (ii) change in food condition (in quantity and/or quality); (iii) increased feeding pressure by vertebrate and/or invertebrate predators (Threlkeld, 1979) .
Studies on the summer decline of Daphnia density were often conducted in lakes with fish (Taylor and Gerking, 1985) . A study on the summer population dynamics of Daphnia in fish-free waters will be useful to understand the relative importance of invertebrate predation in the summer decline of Daphnia. The changes in population parameters (e.g. brood size and size distribution in the P.Xie,TJwakuma and K-Fuju population) are usually used to evaluate the importance of temperature, food availability and predators in the summer decline of Daphnia density (George and Edwards, 1974; Threlkeld, 1979; Vijverberg and Richter, 1982; Larsson et al., 1985; Taylor and Gerking, 1985) . However, these parameters can often be influenced simultaneously by predation, water temperature and food condition in the field. In fish-free water, the effects of water temperature and food condition can be estimated if the predation by invertebrates is evaluated properly.
Summer blooms of blue-green algae and/or dinoflagellates are often seen in eutrophic lakes. Possible relationships between phytoplankton bloom and zooplankton community have been suggested, e.g. simultaneousness between a sudden summer decline in Daphnia density, especially of large species, and an occurrence of a bloom of one or a few large-celled phytoplankton such as Ceratium and also of colonies of Anabaena (Threlkeld, 1979; Larsson etal., 1985; Taylor and Gerking, 1985) . Also, blue-green algal blooms are often associated with a decline of zooplankton biomass and replacement of dominant zooplankton species, i.e. the replacement of large-bodied cladocerans by smaller cladocerans, copepods and/or rotifers (e.g. Threlkeld, 1979; Edmondson and Litt, 1982; Richman and Dodson, 1983; Infante and Riehl, 1984; Jarvis, 1986) .
The importance of bottom-up (prey) versus top-down (predator) factors in structuring the zooplankton community has been a matter of hot debate in aquatic ecology during the last few decades (e.g. Hrbacek etal., 1961; Brooks and Dodson, 1965; Hall et al., 1976; Schindler, 1978; Carpenter et al., 1985; Pace and Funke, 1986; Treasurer, 1992; Carpenter and Kitchell, 1993; Karjalainen et al., 1996) . Since both seem to operate simultaneously, it is now increasingly evident that ecologists should not only look for the type of factor in a given system, but also evaluate their relative strength, and determine when and where each will dominate the regulation of the zooplankton populations.
The main objectives of the present study are to describe the seasonal changes in various zooplankton in a eutrophic fishless pond, to discuss the possible mechanisms underlying changes in dominant cladocerans in midsummer, and to evaluate the relative importance of food resources (bottom-up) and invertebrate predation (top-down) in driving the cladoceran community in a fishless pond ecosystem with abundant invertebrate predator (Chaoborus larvae).
Method

Study site
The present study was undertaken at a small eutrophic pond in the compound of the National Institute for Environmental Studies (NIES), Tsukuba, Japan (140°07'E, 36°02'N). The pond was constructed in a swamp and filled with ground water in 1978. It has a maximum depth of 4.2 m, a mean depth of 1.4 m and a total surface area of 3894 m 2 . The littoral zone (shallower than 0.7 m) is 2010 m 2 in area (51.7% of the total surface area), and is almost fully covered with aquatic emergent macrophytes.
At the east end of the pond, there are two artificial channels where pumpedup ground water flows at a rate of -74 m 3 day 1 . At the southwest shore, the pond also receives occasional run-off from an athletic yard after heavy rain. The water level is maintained at an outlet on the northeast corner. The theoretical hydraulic retention time is 74 days. There is no ice-covered period for the pond.
Since the construction of the pond to the present day, fish have been absent. Since its first appearance in July 1981, larvae of the phantom midge, C.ftavicans, have maintained high densities.
The zooplankton community is dominated by two cladocerans, Daphnia rosea Sars and C.reticulata (Jurine) (Shei et al., 1988b) , a cyclopoid copepod, Tropocyclops prasinus prasinus (Fischer), and a calanoid copepod, Acanthodiaptomus pacificus (Burckhardt).
Physicochemical conditions and phytoplankton biomass
All samples were taken at the center of the pond (with a depth of 4.2 m) between 9 a.m. and noon. Sampling and measurement were generally performed weekly during the summer, but biweekly during the winter.
Water temperature and dissolved oxygen were measured at 0.5 m intervals from the surface to the bottom with a thermistor thermometer and an oxygen electrode (YSI Model 57). pH was measured only near the surface (depth 0.2 m) with an electrode .
Phytoplankton samples in the entire water column were taken with a polyvinyl chloride tube (4 m in length and 3 cm in inner diameter). The pond water was fractionated into four size classes of suspended particles by successive filtration through plankton nets of 40, 20 and 10 urn aperture. Suspended solids in each size class were collected on a Whatman GF/C filter. Some filters were dried at 105°C for 24 h, and the dry weight of the suspended solids was measured to the nearest 0.01 mg. The others were put into 100% methanol in the dark at room temperature overnight to extract the pigments in phytoplankton of each size class. The concentration of chlorophyll a was determined spectrophotometrically according to Marker et al. (1980) . No attempt was made to correct for phaeopigments.
The number of C.hirundinella cells, in 100 ml subsamples of phytoplankton fixed with 3% formalin, was counted at X60 magnification. The dry weight of C.hirundinella was assumed to be 0.01 ug cell" 1 . This value is the mean of the weight of suspended solids (SS) larger than 40 um divided by the density of C.hirundinella during mid-May and mid-August when >90% of SS was composed of C.hirundinella.
Density and biomass of zooplankton
Zooplankton were collected with the same type of polyvinyl chloride tube as that used for phytoplankton sampling. Two such collections (5.6 1 in volume) were filtered through a plankton net (40 um aperture), and were combined into one sample. Four replicate samples were taken on each sampling day. The zooplankton were preserved with sugar-formalin (Haney and Hall, 1973 where W c is the dry weight (ug) of Creticulata and LQ is the total body length (mm) of Creticulata.
Dry weights of T.prasinus was estimated from the length-weight relationships for T.prasinus mexicanus obtained by Lawrence et al. (1987) . The dry weight of A.pacificus was estimated from the length-weight relationship for Copepoda obtained by Bottrell et al. (1976) .
The dry weight of Keratella cochlearis was assumed to be 0.02 ug individual" 1 (Moore and Gilbert, 1987) . Dry weights of Keratella quadrata and Keratella valga were assumed to be equal to that of K.cochlearis. As the individual volume of Trichocerca sp. is two-thirds of that of K.cochlearis, the dry weight of Trichocerca sp. was assumed to be 0.014 ug individual" 1 .
Density and biomass ofplanktonic Chaoborus flavicans
Chaoborus flavicans larvae in water were collected and preserved with the same methods as used for zooplankton. Body lengths of C flavicans larvae excluding the anal papillae were measured to the nearest 0.1 mm under a binocular microscope. The head of Cflavicans was removed from the body, and placed on a glass slide. The head length (the longest distance along the head capsule) was measured to the nearest 0.001 mm for the first and second instars, and to the nearest 0.02 mm for the third and fourth instars. Larvae of Cflavicans were separated into four instars based on head length. Cflavicans larvae were identified according to the key by Saether (1972) . Dry weights of Cflavicans larvae were estimated by the length-weight relationship obtained by Dumont and Balvay (1979) .
Results
Water temperature, dissolved oxygen concentration and pH
The seasonal change in water temperature is shown in Figure Figure lb . In winter, the oxygen concentrations at the surface and the bottom were near the saturation level. There was little difference in oxygen concentrations between the surface and the bottom during this period. However, in summer, severe oxygen depletion occurred in the deep water (3-4 m depth), which coincided with the stratification in water temperature. 
Dry weight of suspended solids and chlorophyll a concentration of phytoplankton
The seasonal changes in dry weight of size-fractionated SS are shown in Figure  2a . Total SS ranged between 1.67 and 16.38 mg dry weight I" 1 . The minimum and the maximum were observed in February and July, respectively. Figure 2b shows the seasonal changes in chlorophyll a concentrations in phytoplankton of various size classes. The total chlorophyll a concentration varied between 3.0 and 78.4 ug I" 1 . The minimum and the maximum were observed in February and July, respectively.
The chlorophyll a concentration in phytoplankton smaller than 10 um in size varied between 0.9 and 21.8 ug h 1 . It was low in April/May (0.9-2.5 ug I" 1 ), but relatively high from late July to mid-September (10.1-21.8 ug H). The chlorophyll a concentration in phytoplankton in the size class 10-20 um was always lower (0-4.8 ug I" winter, the total phytoplankton biomass was the lowest and the phytoplankton community was dominated by the small-sized (<10 (am) phytoplankton. In early spring, the large-sized (>40 um) phytoplankton (mainly C.hirundinella) increased rapidly. They dominated the phytoplankton community in late spring and early summer. The biomass of total phytoplankton reached its maximum in early summer. From late summer through early autumn, a mixture of the large (>40 um), middle (20-40 um) and small-sized (<10 urn) phytoplankton co-existed. From mid-autumn, the phytoplankton in all size groups decreased simultaneously with the rapidly declining water temperature. The ratio of the amount of chlorophyll a to carbon content in phytoplankton (68.2) was roughly estimated by first determining the carbon content in the SS collected on a GF/C filter pre-treated at 450°C for 3 h with a CHN analyzer (Yanagimoto MT-3), then comparing the carbon contents with the corresponding chlorophyll a concentration (variance = 6.3, n = 18). Although the phytoplankton samples were usually taken on a calm day to decrease the amount of organic matter rolling up from sediment, the phytoplankton carbon must have been overestimated to some degree since fine detritus is usually a major part of the seston of lakes.
Density of Ceratium hirundinella
From mid-May to August, the dinoflagellate C.hirundinella comprised >90% of the biomass of phytoplankton larger than 40 mm and 35-83% of the total phytoplankton biomass; thus, the phytoplankton community from late spring to summer was dominated by C.hirundinella. The seasonal change in density of C.hirundinella is shown in Figure 3 . The density of C.hirundinella varied between 0.02 and 925.5 cells ml-
1
. From November to December in 1986, it fell from 60.3 to 0.3 cells ml" 1 , and then remained at the low level in January (0.02-0.06 cells ml" 1 ). After a slight increase in February/March (from 2.4 to 12.5 cells ml" 1 ), they showed a rapid increase in April and reached the maximum (925.5 cells ml" 1 ) in mid-June. In late June, the density of C.hirundinella began to decline. It reached 232.5 cells ml" 1 in mid-August, and decreased further down to 7.9 cells ml" 1 in late September. Thereafter, the density of C.hirundinella declined still further and reached 0.02 cells ml" 1 in mid-November.
Density of dominant zooplankton species
In 1987, two species of cladocerans, D.rosea and C.reticulata, dominated the zooplankton community. Daphnia rosea density showed two peaks in 1987: a large one in spring and a small one in autumn. It remained low in winter, and increased rapidly in April and peaked in early May. A high density level (104-153 I" 1 ) continued for half a month before the peak disappeared suddenly in mid-May. The D.rosea population remained at a low density level (0.05-5.91" 1 ) in June/July, and then almost disappeared in August/September. After a long depression period in summer, D.rosea re-established their population in autumn, probably by hatching from ephippial eggs, and their second density peak occurred. The population density of C.reticulata showed only one peak in early autumn in 1987. In winter and spring, no C.reticulata were found. They were observed on 26 June for the first time. The density was low before 29 July (<1.8 I" Tropocyclops prasinus was more abundant in autumn (September-December) than in other seasons. A large-sized calanoid copepod, A.pacificus, was observed only during late spring to mid-autumn. The copepod community was dominated by T.prasinus throughout the year.
Among the rotifers, Kxochlearis was the most abundant, and was found throughout the study period. Keratella cochlearis dominated the rotiferan community in winter and early spring, while Trichocerca sp. was abundant only in mid-summer. Other rotifers (K.valga, K.quadrata) occurred only incidentally and showed much lower densities (<5501" 1 ) than K.cochlearis and Trichocerca sp. The maximum density of total rotifers was in mid-March, when the population was composed almost entirely of K.cochlearis. Figure 3 shows the seasonal changes in zooplankton biomass. It showed two peaks in 1987: a large one in spring and a small one in autumn. It was low in February/March (87-195 ug I" 1 ), perhaps due to low water temperature and low available phytoplankton density.
Biomass of zooplankton, planktonic Chaoborus larvae and Ceratium hirundinella
In terms of biomass, the zooplankton community was dominated by rotifers in late winter to early spring, by D.rosea in late spring, by C.reticulata in late summer to early autumn, and by D.rosea again from mid-autumn to mid-winter. Of the total zooplankton biomass, 71.9-94.4% was composed of rotifers in February/March, 59.7-88.9% was composed of Creticulata in August/September, and 57.4-97.7% was composed of D.rosea from November 1986 to January 1987, from April to mid-May, and in November 1987. Based on biomass, the ecosystem was dominated by a dinoflagellate, C.hirundinella, two filter-feeding cladocerans, D.rosea and C.reticulata, and an invertebrate predator, Cflavicans (Table I, Figures 4-6) .
A schematic diagram of the biomass of the plankton community
A schematic diagram of the biomass of the plankton community of the present pond is shown in Figure 6 . The biomass of Cflavicans larvae in the water column was lower than the zooplankton biomass from April to mid-May and in November, while the reverse was observed from late May to July. Since >90% of the crop contents of C.flavicans were C.hirundinella during this period (Shei et al., 1988a) , the high larval biomass was maintained only by the high biomass of C.hirundinella. At the same time, the blooming of C.hirundinella probably depressed the population growth of D.rosea, and caused its low density in spite of the abundant edible phytoplankton in the environment. It appears that the increase in the large-sized phytoplankton has exerted deleterious influences on D.rosea, even when the edible phytoplankton were abundant.
Discussion
Shift of summer dominant zooplankton
Water temperature, predation (by vertebrates and/or invertebrates) and food conditions are the three main factors regulating the population dynamics of cladocerans. In the present study, the dominant zooplankton species, D.rosea, showed a rapid decline in population density in mid-May and stayed at low density in June/July. The possible key factors are considered below.
Water temperature. The mean water temperature in May-July ranged between 17.3 and 25.2°C (see Figure 2a ). Our laboratory experiments (unpublished) showed that, fed with a green alga, Chlorella sp., Predation by Chaoborus flavicans larvae. Selective predation on Daphnia by fish often caused dramatic decreases in density of the large adult female preceding a rapid summer decline (Threlkeld, 1979; Vijverberg and Richter, 1982) , but this could not explain the scarcity of the large-sized D.rosea females (>1.75 mm) during April-July in the NIES pond (the mean proportion of these large-sized individuals was <3%) (Shei et al., 1988b; Figure 4b) since no fish were present in this pond.
From May to July, since C.flavicans fed mostly on C.hirundinella (Shei et al., 1988a: Table 4) , the summer density decline of D.rosea could not be attributed directly to the predation by C.flavicans. Food availability. .Comparing the major parameter values (body length distribution, mean brood size per female, body length-brood size relationships) of the field population (Shei et al., 1988b) of D.rosea with those of the cultured population in our laboratory experiments, the food level in the NIES pond during April-July corresponded to the level of 0.25 mg C I" 1 in the culture experiments. For instance, during May-July, the mean brood size of D.rosea was only 2.4 (range 1.4-4.0) when the water temperature in the pond fluctuated between 17 and 25°C. However, under the laboratory conditions at 20 and 25°C, the mean brood size was >5.6 at the high food level (3.0 mg C I" 1 ), but declined to -2 at the low food level (0.25 mg H). Did this presumed worsening food availability result from the shortage of edible food in the environment?
Cladocerans feed on a heterogeneous mixture of algae, detritus and bacteria. We can think of the following three main reasons related to the decline in food availability for cladocerans.
(i) A decline in the quantity of edible algae. Food selection by cladocerans is basically influenced by the sizes of both the food particles and the organisms themselves. Phytoplankton smaller than 40 um are edible for D.rosea (Burns, 1968) . In April/May, >75% of phytoplankton were composed of those larger than 40 mm. During this period, the edible phytoplankton biomass was 0.08-0.42 mg C I" 1 (mean 0.21 mg C H) (Figure 3b ), comparable to the low food level in our culture experiments (unpublished). Thus, it seems that the rapid density decline in mid-May was caused by a shortage of edible phytoplankton. This low level of edible phytoplankton biomass in April/May might have partially resulted from the overgrazing by D.rosea, which reached a very high density around this period.
(ii) Interspecific competition for food. To D.rosea, the filter-feeding Creticulata and A.pacificus were two potential competitors for food resources. The present field study showed that the density of Creticulata was still low before 25 July (<1.61" 1 ), but by that time D.rosea density had already been near zero ( Figure 5) ; and that the density of A.pacificus was near zero before mid-May, and never exceeded 4 I" 1 throughout the study period ( Figure 6 ). Thus, the rapid density decline of D.rosea in mid-May and their low density in June-July could not be attributed to the interspecific competition with Creticulata and A.pacificus. (iii) Interference by large-sized phytoplankton. In spite of abundant edible food, the existence of a very large amount of inedible algae might inhibit the feeding activity of the large cladocerans. In the present study, this seems to be the case in June-July.
Since the edible phytoplankton biomass was 0.74-3.10 mg C I" 1 (a mean of 1.57 mg C I" 1 ) in June/July, which was close to the high food level in the culture experiments, it seems rather unlikely that the low D.rosea density in June/July was caused by a shortage of edible food. Thus, we come to an unavoidable conclusion: although there was enough food in June/July, D.rosea failed to increase.
From April to July, the composition of the phytoplankton community changed dramatically, and it was gradually dominated by large-sized algae (>40 um). The biomass of the large-sized phytoplankton ranged from 0.36 to 4.25 mg C I" 1 (a mean of 2.08 mg H), and comprised 34.4-89.0% (a mean of 2.08 mg C I" 1 ) of the total phytoplankton biomass. The large-sized phytoplankton were mostly composed of the dinoflagellate Chirundinella. The low density of D.rosea in June/July was most likely caused by the Chirundinella bloom. This statement can be supported by the following evidence, (i) D.rosea did not feed on Chirundinella in the field (microscopic examination showed that no Chirundinella could be found in the guts of D.rosea in April-July), (ii) Our qualitative observation in the laboratory shows that D.rosea rejected C.hirundinella in their filtering process, and when C.hirundinella was present at high density, the feeding process of D.rosea appeared to be heavily inhibited because they had to reject the C.hirundinella frequently using their abdomen, (iii) In July, ephippial females appeared and a relatively high instantaneous death rate was observed (Shei et al., 1988 : Figures 3c and 6) , although the population density was low, the edible phytoplankton were abundant, and the mean water temperature was below 25.2°C. (iv) The disappearance of D.rosea coincided with the Chirundinella bloom. The density of Chirundinella was -200 ml" 1 a week before the rapid decline in D.rosea abundance in mid-May. The reverse was also true, i.e. after the density of C.hirundinella declined again below 200 ml" 1 , D.rosea reappeared -40 days later.
Based on the above inferences, we can eliminate the predation by C.flavicans larvae, the changing temperature and the scarcity of edible algae from the key factors causing the low density of D.rosea in June-July. Instead, the blooming of C.hirundinella, which inhibited the feeding process of D.rosea, seems to be the most likely key factor. Moreover, the Chirundinella bloom might have also facilitated the rapid decline in population density of D.rosea in mid-May, although the decline of D.rosea density during this period was mainly attributed to the low food level.
The process of disappearance of D.rosea during the C.hirundinella bloom described above may well explain the reported simultaneousness between a sudden summer decline in abundance of Daphnia, especially of larger species, and a bloom of one or a few large-celled algae (e.g. Ceratium, Anabaena, Volvox) (Threlkeld, 1979; Larsson et al., 1985; Taylor and Gerking, 1985) .
The shift in dominant zooplankton from the large D.rosea to the small C.reticulata in September/October following the summer bloom of Chirundinella suggests that C.reticulata was less affected by the bloom, probably due to its smaller body size than that of D.rosea, since large algae interfere with the food collection and ingestion of the larger species more than that of smaller filterfeeding cladocerans (Webster and Peters, 1978; Gliwicz and Siedlar, 1980) . Thus, Chirundinella may also play an important role in the shift of the dominant herbivores from the large D.rosea to the small Creticulata during this period. It should be noted, however, that there was a time lag of 2 months for Ceriodaphnia reticulata to become dominant.
Support of high standing crops of Chaoborus flavicans larvae by the blooming of Ceratium hirundinella
In the present study, from mid-May to July, although the total zooplankton biomass was relatively low (Figure 5 ), the biomass of the planktonic Cflavicans larvae remained high (Figure 6 ). Microscopic observations on the crop contents of C.flavicans larvae revealed that the major dietary ingredient was Daphnia in April and November, while it changed to C.hirundinella during May-July, even though the available zooplankton were abundant in early May (Shei etal., 1988a) . Apparently, a high Chaoborus biomass does not necessarily require a high zooplankton biomass, and Chaoborus larvae may feed on phytoplankton when the phytoplankton biomass is much higher than the zooplankton biomass.
Very few studies on Chaoborus have paid attention to the possible importance of phytoplankton as food for Chaoborus (Hare and Carter, 1987; Shei et al., 1988a) . Among the reported studies on the crop contents of Chaoborus larvae in the field, substantial feeding of Chaoborus on phytoplankton was only found in the present pond and in Opi Lake (Hare and Carter, 1987) . Both waters are eutrophic and have high densities of Chaoborus larvae. The major difference between the two waters lies in the fact that the present pond is a temperate water body without fish, whereas Opi Lake is a tropical water body with fish. In both waters, large-sized dinoflagellates (Ceratium in the former, Peridinium in the latter) comprised the major food for Chaoborus larvae. Ceratium, especially, is similar to rotifers in size, e.g. the dry weight of C.hirundinella is about two-thirds that of Trichocerca sp. and about half that of Kxochlearis. Thus, the fact that such large-sized algae dominate the phytoplankton community will mean that there exists abundant food for Chaoborus. In such environments, if no other factors prevent the survival of Chaoborus larvae, abundant Chaoborus larvae will occur, and the coincidence of a blooming of such large-sized algae and a high density of Chaoborus larvae will be seen. Swuste et al. (1973) raised pupae from eggs of C.flavicans with only filamentous blue-green algae as food in the laboratory, suggesting that these algae may be an important food resource in the field, although there has been no such evidence.
The co-occurrence of the blooming of large-sized phytoplankton and high Chaoborus biomass was observed only in a few lakes. In Wintergreen Lake, a small eutrophic lake with fish in the USA, the phytoplankton community was usually dominated by a few large-celled algae (e.g. Anabaena, Ceratium and Volvox), and the density of Chaoborus punctipennis reached as high as 33 500 m~2 (Threlkeld, 1979) . In Lake Mikolajskie, a eutrophic Polish lake, a high biomass of blue-green algae and Ceratium (up to 14 mg fresh weight I" 1 ) was observed (Gliwicz, 1981) . Kajak and Rybak (1979) reported that C.flavicans density in water reached 14 700 nr 2 . Although they investigated the impact of predation by C.flavicans larvae on zooplankton by enclosure experiments in situ, it was not taken into account whether or not the large-celled algae such as Ceratium might exert some influences on the feeding selectivity of Chaoborus larvae.
In some lakes, e.g. Becker Lake, a small eutrophic reservoir in the USA (Taylor and Gerking, 1985) , and a eutrophic Polish reservoir (Grzybowska and Wodzinska, 1984) , C.hirundinella was reported to bloom in summer or autumn. Unfortunately, it is unknown whether Chaoborus is present in these two lakes or not.
Eutrophication of lakes and ponds is not only accompanied by an increase in phytoplankton biomass, but also by a change in their community structure. In some eutrophic lakes, the summer phytoplankton community is often dominated by blue-green algae and/or dinoflagellates (e.g. Ceratium and Peridinium); these algae may become important food for Chaoborus larvae. In oligotrophic lakes where small-sized algae often dominate the phytoplankton community, food resources of Chaoborus larvae may generally come from zooplankton prey. Thus, the shift in the feeding of Chaoborus larvae from zooplankton prey to phytoplankton may not occur in oligotrophic lakes.
In conclusion, the present study indicates that phytoplankton are not only a passive food item of zooplankton, and their influence on the zooplankton community is not limited to their quantity and quality as food. The influences of large-sized cells or colonies of phytoplankton on the zooplankton community must be considered. They are not only inedible by most cladocerans and rotifers, but the selective effect of the blooming of these large-sized phytoplankton on the composition and dominance of the zooplankton community may be considerable. The effect could be as important, especially for the filter-feeding Cladocera, as the selective predation by planktivorous fish. The large-sized phytoplankton can also be an important alternative food for ominivorous invertebrate predators such as Chaoborus larvae, and thus may affect the interactions between these predators and their zooplanktonic prey. In this way, such phytoplankton play a very important role in regulating the dynamics of the aquatic food web, and become a driving force in shaping the community structure of zooplankton.
